Abstract
Introduction
The MSSM+ R p is obtained from the MSSM by adding the following terms to the superpotential (c.f. ref. [1] )
H, Q, L represent the leftchiral SU(2) W -doublet superfields of the Higgses, the quarks and leptons; U, D, E represent the rightchiral superfields of the u-type quarks, d-type quarks and electron-type leptons, respectively; a superscript C denotes charge conjugation; a, b and x, y, z are SU(2) W -and SU(3) C -indices, i, j, k and later also f, g, l, n are generational indices (summation over repeated indices is implied), respectively; δ ... is the Kronecker symbol, ε ... symbolizes any tensor that is totally antisymmetric with respect to the exchange of any two indices, with ε 12... = 1. The coupling constants λ ijk , λ ′′ ijk are antisymmetric with respect to the exchange of the first two/last two indices. The last term in eq.(1) can be rotated away utilizing a unitary field-redefinition.
Good agreement between SM theory and experiment gives stringent upper bounds on the extra 45 coupling constants λ ijk , λ ′ ijk and λ ′′ ijk , as well as on products thereof. For a list of references and the processes dealt with, see e.g. ref. [2, 3, 4] . In particular, in R p there are new operators for leptonic meson decays. The SM theoretical predictions for the decay widths of mesons and the measured values match up within the experimental uncertainty. We can thus determine yet further tight constraints on several products of coupling constants: λ ′ * λ ′ and λ ′ * λ. This was first done in ref. [5] for single coupling constants and later in ref. [6] for some products, however only treating charged pions decaying via either d-type squark or slepton exchange, respectively. Ref. [7] treated general leptoquark reactions of several particles, one of them the K 0 L ; this result was quoted in terms of R p by ref. [8] ; the same result was reached by ref. [9] . Ref. [10] among other things dealt with the decay of K 0 L , however with only u-squark exchange contributing to SM-allowed processes. We generalize these calculations, focussing on products of two coupling constants.
R p -Decay of Charged Mesons

Calculation of the Decay Rate
Consider a negatively charged meson π ij at rest made of a d-type quark d i and a u-type antiquark u j C which decays into an antineutrino ν nC and a charged lepton ℓ f , i.e.
the p 1,2,3 being four-momenta. We now calculate the partial decay rate of this process.
Focussing on the Yukawa-couplings of the first two terms in eq.(1) leads to, again with summation over repeated indices implied,
containing all R p contributions; 2Re[K ijf f ] in eq. (9) is due to the interference between SM and R p amplitudes. For simplicity we shall neglect the phase of the CKM-matrix.
The partial decay rate is then
with ν C being an arbitrary antineutrino, and
the correction factor C ijf of O(1) is due to higher order electroweak leading logarithms, short distance QCD corrections, and structure dependent effects, see ref. [11] and also ref. [12] .
Calculation of the Bounds
We prefer not to compare the experimental data directly with eq.(11), since f π ij has quite a large experimental error. This leads to very weak bounds on K ijf n . To avoid this, we introduce
1 There are several ways of defining the meson decay constant, differing by factors of √ 2; in the convention we use f π = (92.4 ± 0.3) MeV, see ref. [13] . 2 The upper experimental bounds on π − → µν e C and K − → µν e C , see ref. [13] , come from a different type of experiment, compared to the one used to determine the branching ratios for π − → µν C and K − → µν C . They do not lead to better bounds on the coupling constants.
with m ℓ g > m ℓ f . If the experimental and SM-theoretical decay rates agree well we have, see eq.(11), 2Re[K ijf f ] + n |K ijf n | 2 ≪ 1. We could use this to determine a bound on this general combination of R p coupling constants. However, the bounds on individual coupling constants are typically of the order O(10 −2 ), see ref. [2] , and thus we limit ourselves to at most two non-zero coupling constants at a time, and in each case assume the other 34 λ, λ ′ coupling constants vanish.
If the interference term dominates we have 2Re
Let ∆... symbolize the theoretical or experimental uncertainty. If the theoretical predic-
With G F = (1.16639 ± 0.00001) × 10 −5 GeV −2 , see ref. [13] , we obtain
Hence 0.330
with similar expressions for λ ′ * kji λ f kf and λ ′ * kji λ gkg , but with the prefactor 2m
On the other hand, if there is no interference term or if it is suppressed, 2Re
Thus 0.435
Hence, for n = f , n = g
again with similar expresssions for |λ
We will apply this result only to processes with sufficiently small experimental error bars.
π
As a first application, we consider pion decay with f, i, j = 1, g = 2. The SM gives the 2σ theoretical value R 
The first bound is redundant since the product of the single bounds is stronger. Furthermore, we obtain using m e = (0.510998902
ref. [13] ,
In ref.
[4] a much stricter bound was obtained for |λ ′ * k11 λ 1k2 | as well as for the last inequality in eq.(22) for k = 3.
K
Next we consider charged kaon decay with f, j = 1, g, i = 2. According to ref. [12] ,
.0036, at the 2σ level [13] . Therefore R 
2.5 B
For the charged B-meson decay the procedure is slightly different since it has not been directly measured. Unlike the two previous cases one only has an experimental upper bound on the branching ratio, see ref. [13] . We thus have to go back to eq. (11) (11), we obtain for the branching ratio
To keep the joined uncertainties of |V 13 | and f B as small as possible we use the theoretical prediction (see ref. [15] )
Using the Wolfenstein parametrization (see e.g. ref. [16] ) one has
The Wolfenstein parameters are given by (see ref. . Thus, with |V 13 | = 0.0035 ± 0.0015 (see ref.
[13]), we
4 If the imaginary part vanishes the bounds are weaker by a factor of 1.3.
Using m B = (5279.
Analogously, for f = 1, 2, 
The bounds on |λ
] are too poor to be listed. f = 2 yields
The bounds on |λ 
Using the results corresponding to eq. (7) we obtain
where
Due to the large experimental error in f (d j C d i ) , we can neglect m ℓ n compared to m ℓ f (with f, n chosen correspondingly) and m ℓ f compared to m (d j C d i ) . Thus, focussing again on the bounds on products of two coupling constants, with all other coupling constants vanishing,
Here τ is the mean life time. The same considerations apply to mesons that have wave functions of the form
one replaces every A ijf n by
(A ijf n ± A jif n ), and likewise for B ijf n , B * jinf . As in the previous section, we will apply eq.(40) only to processes with satisfactory experimental data.
B
We first consider the decay of the neutral B-meson and initially focus on the final state µ + e C , i.e. i, n = 1, j = 3, f = 2. The upper bound on the branching ratio B(B 0 →
µ + e C ) < 1.5 × 10 −6 , [13] . The lifetime and the mass are, respectively, τ B 0 = (1.540 ± 0.024) × 10 −12 s, m B 0 = (5279.4 ± 0.5) MeV, [13] . Thus
Next we consider the final state τ + e C , i.e. i, n = 1, j = 3, f = 3. The experimental upper bound on the branching ratio is B(B 0 → τ + e C ) < 5.3 × 10 −4 , [13] . Thus
Finally we discuss the final state τ + µ C , i.e. i, n = 2, j = 3, f = 3, for which B( 
Ref. [13] gives f K = (159 ± 1.4 ± 0.44) MeV, which in the convention we use gives the central value 112.4 MeV. Hence
3.5 π
With small modifications the result of section 3.1 can also be carried over to admixtures
, as the latter term does not contribute to any decay because the up-like quarks do not couple together to the R p operators. However, we shall limit ourselves to the π 0 : η and η ′ are more complicated, see ref. [13] , and the experimental data do not suffice to extract satisfactory bounds.
The relevant parameters here are m π 0 = (134.9766 ± 0.0006) MeV, τ π 0 = (8.4 ± 0.6) × 10 −17 s and B(π 0 → µ + e C ) < 3.8 × 10 −10 , see ref. [13] . Thus
In ref. [4] a much stronger bound is obtained for |λ
2k1 |. Furthermore they present a better bound than the second one if k = 1.
Summary and Outlook
Summary
We have determined the bounds on products of R p coupling constants from leptonic meson decays. In many cases these bounds are better than previous bounds. We have 
, and the decay of the Υ, (i = j = 3) to τ + e C or τ + µ C or µ + e C (f = 2, n = 1).
Outlook
All Synchroton (SPS) with NOMAD and CHORUS, see ref. [19] and ref. [20] , can be used to extract new limits on R p .
The SPS fires a proton beam on a Beryllium target. From the resulting jet the secondary mesons (mostly π + and K + ) are charge selected and left to decay into mainly antimuons and neutrinos. According to the SM the latter ones can only be muonic.
Thus one would have found strong evidence for neutrino oscillations if tau neutrinos had been found at the meanwhile dismantled NOMAD and CHORUS: After the neutrinos have propagated some distance they are indirectly detected via DIS on a nucleon in the target, producing a detectable tau. Schematically this can be summarized as
However, R p interactions also give rise to the same overall effect in two distinct ways: 1.)
Instead of being muonic, the neutrino produced together with the antimuon might be a tau neutrino right away,
This is where eq. (10) is applicable. 2.) The muon neutrino produced together with the antimuon can directly cause a tau in the detector,
So in fact NOMAD and CHORUS found bounds on not only the first of these processes, but a combination of all of them. Assuming that they do not mutually cancel each other, one can thus find new bounds on several combinations of R p interactions. We hope to come back to this point in a forthcoming article. 
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